Injury to the cervical radicular arteries during these approaches is rare. However, injury to the dominant vessels of the vascular supply to the cervical spinal cord can cause spinal cord infarction. Anatomical knowledge of the cervical radicular arteries is therefore important for preventing postoperative neurological complications following procedures on the cervical spine. To our knowledge, there have been few studies published regarding the relationship of radicular arteries to the spinal cord ischemia that can occur following cervical spinal procedures (2, 6, 12, 13, 15, 21, 24) . The prevalence of these serious complications is currently unknown.
In this study, based on cadaver dissections and observation, we emphasize the surgical importance of the cervical radicular arteries and examine their morphology with the aim of elucidating their clinical importance. We hope our data will help surgeons to minimize the complications following approaches to the cervical spine.
█ MATERIAL and METHODS
Five male formalin-fixed human cadavers (ages at death ranging from 48 to 72 years, heights ranging from 164 to 172 cm) were used to determine the morphology of the cervical radicular arteries in the cervical foraminal region. Specimens with gross deformities were excluded from the study. The cadavers were placed in the supine position and dissected from C2 to C7, bilaterally. The exposed neurovascular complexes were identified. The internal jugular vein, vagus nerve, and the common, external and internal carotid arteries were exposed after opening the carotid sheath. Beneath the adipose tissue layer encountered during dissection, the prevertebral fascia and the fascia of the longus capitis muscle were explored. The cervical sympathetic trunk and its superior and middle ganglia were exposed. The longus capitis and longus colli muscles were removed to explore the extraforaminal region. On the lateral side of the dissection area were the scalene muscles and the nerve roots passing between them to form the brachial plexus. The C2-C7 vertebrae and disc levels and the anterior tubercles of the C3-C7 transverse processes were demonstrated. To reveal the cervical radicular arteries in the cervical extraforaminal region, intertransverse muscles were removed. The vertebral artery and its venous plexus wrapped within a fibroligamentous sheath were exposed. The level at which the vertebral artery entered a transverse foramen was determined. Its course throughout its second segment (V2) and its relationships with nerve roots were identified. The ascending cervical artery, which originates from the thyrocervical trunk, was exposed. We took great care to protect the neural and vascular structures. The subclavian artery and its branches and the roots of the brachial plexus were isolated by dissection. Spinal branches originating from the deep cervical, ascending cervical and vertebral arteries were noted, and in particular the arterial origin, diameter and location were recorded. The arterial diameters were measured at the external foraminal opening.
A surgical microscope (Zeiss OPMI 9-FC) was used to facilitate the dissections. All measurements were made bilaterally using a digital caliper accurate to 0.01 mm. The average, standard deviation (SD) and minimum and maximum values were determined. Wilcoxon Signed Ranks tests were used to assess differences between sides. Statistical significance was set at p<0.05. The following measurements were obtained:
1. The diameter of the vertebral artery (V2) at the C3, C4, C5, and C6 levels.
2. The diameter of the radicular artery at the C3, C4, C5, and C6 levels.
3. The diameter of the ascending cervical artery at its origin.
4. The diameter of the deep cervical artery at its origin.
█ RESULTS
The vertebral arteries arose from the subclavian artery and entered the transverse foramen at the C6 level on both sides of the cadavers, accompanied by the anterior and posterior vertebral veins, which formed mesh-like structures around them. The vertebral artery, the venous plexus and the nerve roots were encased in fibroligamentous tissue at the level of the intertransverse space (Figure 1 ). This tissue was attached to the lateral aspect of the spine. Between two transverse processes, the vertebral artery crossed anteriorly to the cervical nerve root and adhered to it. It was free and was enclosed with the venous plexus. Along its course, the vertebral artery gave origin to several branches, the most important being the radicular arteries ( Figure 2 ). The diameters of the radicular branches of the vertebral artery ranged from 0.75 mm to 1.02 mm. These arteries most often arose from the posterior surface of the vertebral artery at the C6 level. Additionally, the medial and anterior branches from the vertebral artery were directed to anterior longitudinal ligamentous structures, the intervertebral disc and the vertebral body ( Figure 3 ). The diameters of these branches were usually below 1 mm. The mean diameters of the V2 segment of the vertebral artery from the C3 to the C6 level were 5.25 mm, 5.59 mm, 5.65 mm, and 5.53 mm. The average diameter of the vertebral arteries was 5.50 mm.
The ascending cervical artery typically arose from the thyrocervical trunk ( Figure 4 ). Its mean diameter was 1.5 mm at the origin, ranging from 1.21 to 1.80 mm. It gave a spinal branch to the C3-4 and C4-5 foramen, rarely C2-3 ( Figures  4,5,7 ). Its radicular branches coursed anteriorly, anteroinferiorly or anterosuperiorly to the C4 and C5 nerve roots. The radicular branches of the ascending cervical artery did not pass into the dorsal aspect of the foramen. They penetrated anterosuperior and anteroinferior to the C4, and C5 nerve root sleeves at the C3-4 and C4-5 foramen. The diameters of the radicular arteries originated from the ascending cervical artery ranged from 0.80 mm to 1.40 mm. In the cadaver, the C4 spinal radicular artery had a greater diameter than the others ( Figure 5 ).
The deep cervical artery generally arose as one or more vessels from the costocervical trunk ( Figure 6 ). In one cadaver, one of two deep cervical arteries originated from the costocervical trunk and the other from the subclavian artery. However, in many cases the artery migrated more posteriorly, between the facet joints into its more classic location toward the posterior spinal muscles. In this study, the mean diameter of the deep cervical artery was 1.71 mm, ranging from 1.3 to 2.1 mm and usually slightly larger than the ascending cervical arteries. In all five cadavers, the deep cervical artery formed large radicular branches that entered the posterior aspect of the foramen ( Figures 6,7 ). In each case, these deep cervical spinal branches always entered at C5-6, C6-7 and C7-T1 and pierced the dural sleeve of the corresponding nerve within the neural foramen. During its course, the deep cervical artery gave rise to radicular branches to the foramina posteriorly. The C6, C7 and C8 radicular arteries penetrated the dural sleeve within the posterior inferior portion of the foramen, directly inferior to the exiting spinal nerve. The mean diameter of these radicular branches originated from the deep cervical artery was 1.08 mm (range 0.43 to 1.49 mm). The diameters were smaller at upper than at lower levels. The radicular branches from the vertebral artery lay over the most anteromedial part of the foramen, whereas those arising from other sources traversed the entire extent of the foramen. There were no significant The results are presented in Table I .
█ DISCUSSION
The anterolateral approach is used for transforaminal cervical discectomies and oblique cervical corpectomy (7, 12, (16) (17) (18) (19) 26) . Additionally, transforaminal injections of corticosteroids have been popularized for treating cervical radiculopathy (2, 13, 21) . Injury to the vascular supply to the cervical spinal cord can lead to anterior spinal artery syndrome, which is most commonly associated with a transforaminal corticosteroid injection to the cervical foramina (2, 6, (13) (14) (15) 21, 24) . However, the risk of vascular compromise to the spinal cord during unilateral anterior spinal surgery remains controversial. The incidence of spinal cord infarction is very low for transforaminal corticosteroid injection (1-3%) (15), but it is very serious complication resulting in irreversible and permanent neurological injury.
The radicular arteries that join the anterior spinal artery perfused the spinal cord are clinically important (4, 5, 10, 13, 20) .
Various authors have reported lasting paraplegia caused by injury to the dominant spinal arteries after administration of a nerve root block and steroid transforaminally (13, (19) (20) (21) .
There is no agreement regarding the origin of the dominant spinal artery in the cervical region. Adamkiewicz (1), Bolton (3), Chakravorty (6), Dommisse (8, 9) stated that the spinal branches of the vertebral artery are very important for filling the anterior spinal trunk. Chakravorty (6) observed 31 human cervical spinal cords and found that many radicular vessels from the vertebral artery contributed to the anterior spinal foraminal level, the ascending cervical artery gave branches to the foramen anteriorly and to the spinal wall. Here, the C4 radicular artery coursed on the anteroinferior aspect of the C4 nerve root. (22) noted that the upper 6 cervical segments of the spinal cord were supplied by the vertebral artery, and the lower region of the cord received blood from the ascending cervical or deep cervical arteries. Russo et al. (19) stated that all segments of the cervical spine can have radicular arteries arising from the ascending cervical and vertebral arteries. Smuck and Leung (21) reported that the radicular arteries at C5, C6, C7 and T1 arise from the deep cervical and the superior intercostal arteries.
Chakravorty (6) reported that the dominant spinal artery can arise at any level from C3 to C8, but C4, C5 and C6 was most common. However, Turnbull et al. (25) found that vessels with a large diameter are almost equally common at all levels from C4 to C8. Zulch (28), and Woollam and Millen (27) , reported a predominance of anterior radicular arteries at the sixth and seventh segments in postmortem examinations.
In the current study, the radicular arteries were found at each level. The branches from the ascending cervical artery tended to enter the foramen just anteroinferior and anterosuperior to the exiting spinal nerve root and course along the anteroinferior and anterosuperior aspect of the spinal nerve until they penetrated the dura to join the spinal artery. The C6, C7 and C8 radicular arteries from the deep cervical artery penetrated the dural sleeve within the postero-inferior portion of the foramen, directly inferior and posterior to the exiting spinal nerve. The radicular branches the ascending and deep cervical artery coursed the entire length of the intervertebral foramen, whereas branches from the vertebral artery were first encountered medially within the foramen.
The number, diameter and distribution of the cervical radicular arteries are important in spinal cord injury. The present study revealed that there are one or two radicular arteries at each level in each cadaver. The larger-diameter radicular arteries can contribute to supplying the spinal cord. In the current study, the diameter of right C4 radicular artery was larger than others ( Figure 5 ). The C7 and C8 radicular arteries were slightly larger in diameter than those at the upper end, and their course was posterior to the foramen. Therefore, we consider that the C4 radicular artery may be dominant radicular artery. However, the needle seems most likely to encounter a large radicular artery at lower levels during cervical transforaminal corticosteroid injection and may cause the spinal cord ischemia. Chakravorty (6) observed that after receiving a radicular artery, the diameter of the anterior spinal artery often increased slightly. This would support the hypothesis that the radicular arteries contribute to the anterior spinal artery.
it can be compressed in degenerative diseases involving the foraminal region. This increases the risk of injury and makes ischaemic degeneration of the cord inevitable.
Based on these observations, the anatomy and location of the radicular arteries that supply the anterior and posterior spinal arteries are very variable in the extraforaminal and foraminal region. This variability increases the risk of potential injury. Thus, surgeons cannot rely entirely on standard anatomy for safety. The cadaver study by Huntoon (15) indicated that the risk of neurological injury from transforaminal corticosteroid injections was 3%. All studies have led to much the same conclusion, that the radicular arteries are essential for maintaining the blood supply to the spinal cord (6, 15, 23) . Branches from the vertebral artery, the ascending cervical artery and the deep cervical artery are important in contributing blood to the main anterior spinal artery. One or several major radicular arteries in the cervical cord could be capable of bringing sufficient blood into the anterior spinal artery. Based on our dissection, the dominant anterior radicular artery can originate from various levels: from the vertebral artery at the C5-6 foramen (C6 radicular artery) ( Figure 2) ; from the ascending cervical artery at the C3-C4 foramen (C4 radicular artery) ( Figure 5) ; and from the deep cervical artery at the C7-C8 (Figures 4,6 ) foramina. Therefore, based on the current study, we believe that the radicular branches should be preserved to prevent spinal cord injury
The origins and locations of these critical arteries can vary anatomically. It was therefore not difficult to isolate the area of the cervical cord supplied by them. The variations must be kept in mind by spinal surgeons. By preserving the radicular arteries, neurological complications following foraminal surgery can be minimized, and it is possible to identify these vessels via preoperative angiograms.
This study was limited to the dissection of five cadaveric specimens and all of the dissected cadavers were male. The use of formalin-fixed cadavers can alter anatomical relationships because the tension within the tissues is decreased. The average linear shrinkage was 4.5%, corresponding to a volume correction factor of 1.15 in the present study.
█ CONCLUSION
Although the vascular supply to the spinal cord can show many variations, a detailed understanding of it is essential. Anatomical knowledge of this region enables a safe surgical approach to be taken, so associated injuries are minimized.
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The authors wish to thank the donors and the family of the donors used for this research. (2) . Accidental cannulation of one of these vessels would always result in neurological injury. Vasospasm is a possible cause of neurological injury and intraarterial injections of particulate corticosteroids seem to be the principal mechanism (2, 15, 21) .
█ REFERENCES
With current transforaminal techniques, the radicular artery is avoided by keeping the needle coaxial to, and over the posterior aspect of the foramen (13) . When this approach is used, the radicular arteries lie anterior to the course of the needle (2,13). Most authors believe the posterior aspect of the foramen should be preferred for needle placement in order to avoid injury to the arteries. However, cadaveric studies of Hoeft et al. (13) and Huntoon (15) have been reported that the radicular arteries were also located at the posterior aspect of the foramen at lower levels, especially. In the present study, all of the C6, C7 and C8 radicular arteries coursed on the posterior aspect of the nerve root in the foramen. Therefore, the posterior aspect of the foramen is also not safe. Several methods have been used to avoid unintended intravascular injection. When inadvertent radicular artery injections have been detected, fluoroscopy and digital subtraction have been used and injury prevented (21) .
Mobilization of the V2 segment of the vertebral artery during the cervical foraminal approach can cause accidental avulsion of the radicular branches from the vertebral artery and any resultant bleeding can be difficult to control. Also, on the basis of our findings, dissection during foraminal approaches should not be extended posterior aspect to the vertebral artery or close to the nerve root. If the radicular vessels are properly protected, complications can be prevented. According to this study, the cervical radicular artery, vertebral artery, ascending cervical artery and deep cervical arteries should if possible be preserved, especially during foraminal procedures and neck dissections.
In the light of above information, the dominant cervical spinal artery can be very variable. Therefore, preoperative imaging is desirable. However, somatosensory evoked potentials can also predict neurological outcomes reliably when the foraminal or extraforaminal region is approached. Care must be taken not to injure or cauterize blood vessels in the intervertebral foramen because of the close proximity of the radicular arteries to the nerve root. This information should be kept in mind to preclude injury to the radicular artery. Coagulation of the dominant spinal branch within the foramen can result in spinal cord injury. According to Houten and Errico (14) , injury to the dominant spinal artery in the neural foramen can occur distal to anastomotic artery and can lead to spinal cord infarction. In the present study we encountered collateral links between vessels in the foraminal and extraforaminal area. We consider these anastomoses to be important for supplying the spinal cord. Also, if there is only one major radicular artery,
